The study of vegetation and the way in which it has been altered and developed in the course of time indicates changes that have occurred in our terrestrial environment and is useful in providing vital information on environmental change, vegetation type, species composition and their utilization for sustainable development. This study was carried out in forty randomly selected locations so as to identify the different phytoecological indicator species and to also ascertain the present status of the vegetation of the catchment environment investigated. The airborne pollen grains were collected with Modified Tauber Sampler using simple random sampling technique and analyzed palynologically. Results showed 50,661 pollen grains counts comprising of 182 pollen types belonging to 74 angiospermic plant families were encountered. Three (3) of these pollen types were identified to family level, 57 to species level, 121 to generic level and one (1) unidentified. The pollen types identified in this study reflect to a large extent the phytoecological vegetation of the study area. Indicators of the Savanna taxa were the highest pollen contributors (55.74%) followed by Open forest taxa (22.72%), Human impact taxa (14.32%) and Lowland rainforest taxa (7.21%) respectively. About 44.19% of the plant sources identified are trees; the shrubs constitute about 25.96%, herbs 21.54%, herbaceous climbers 6.61%, lianas 1.10% and sedges 0.55%. The various ecological indicators species identified confirmed their origin as coming from the Forest-Savanna ecological zone that is anthropogenically disturbed. Such taxa could be properly conserved and their exploitation managed to prevent extinction thereby enhancing biodiversity sustainability.
Introduction
The vegetation of an area is an integral and basic component of the ecosystem and is sensitive to changes in the ecosystem. Consequently, vegetation changes are themselves a response to and a reflection of variation in one or more of the factors of the environment, particularly climate [1] . According to Sowunmi [2] , a close relationship exists between vegetation and the rest of the environment, particularly climate and soil. Thus, the flora of an area provides a good reflection of the major climatic regime of the area. The influence of climate on other components of the environment is so great that every other climatic zone has its own characteristic vegetation type.
Plants are therefore among the best indicators of the environment especially of the climate, soil and fauna [3] . Certain individual or assemblages of plants are known to be characteristics of specific ecological zone and the occurrence of the fossils of such ecological indicator species in sediments is considered a reflection of contemporary ecological conditions. For example, the tropical rainforest is characterized by broad-leaved species, the savanna characterized by grasses, the desert by ephermeral and sclerophyllous plants and the cold regions of the world characterized by evergreen conifers [4] .
The study of vegetation and the way in which it has been altered and developed in the course of time indicates past changes that have occurred in our terrestrial environment. Variations in climate and in the intensity of human activities in historic and prehistoric times have made their mark upon vegetation, and the plants themselves have left a record of these changes in the form of vast quantities of pollen grains which have survived in contemporary sediments [5] . The most common plant remains in Quaternary deposits are the pollen grains of flowering plants (Spermatophyte) and the spores of ferns (Pteridophyte) or mosses (Bryophytes); all of which are not visible to the naked eyes. The examination of pollen grains and spores do not only provide qualitative information on the plant present, but also quantitative information on their abundance. Thus, conclusion can be drawn about former vegetation conditions [6] .
The relevance of atmospheric pollen content to the vegetation of a region is related to the palynomorphs produced in situ and those supplied from the surrounding zones [7] [8] . Pollen and spores are generally produced in excess of the biological needs of the plants. Established observations have shown that anemophilous plants release large quantities of pollen into the air, while entomophilous taxa release smaller amounts. The behavioral patterns leads to differences in the quantity of pollen and spores of various taxa available in the atmosphere, and which of them can be trapped during sampling [9] .
Germeraad et al. [10] and Traverse [11] in Ige [12] reported that there has been no significant change in the floras at the family and generic levels, since the Miocene in tropical low latitudes, including the Niger Delta (of Southern Nigeria where Akoko environment is a part). Rymer [13] and Birks and Birks [14] reported that the relationships between plants and climates have not changed with time at least from the time period of the Neogene. Several investigations for example, [15] [16] [17] [18] [19] have demonstrated that characteristics pollen assemblages are associated with regions of distinct vegetation. Thus, pollen-producing plants that are characteristic of or adapted morphologically and physiologically to specific ecological conditions and which have a restricted distribution are among the best indicators of their depositional environments.
Interpretation of pollen assemblages are based on empirically determined relationship between modern pollen and modern vegetation. Correspondence between pollen assemblage types and vegetation has been found in all parts of the world. It can be shown on one site that the percentages of pollen are unequal to the percentages of plants in the vegetation. This is largely because there are differences in the amounts of pollen produced by different species. There are also differences in the case with which pollen grains of different types are dispersed by the wind, differences in resistance to decay, and so forth [4] .
Consequently, the nature of the vegetation cannot be deduced intuitively, from the frequencies of pollen in the assemblage. This is so even though geographic trends in modern pollen percentages are often similar (although not precisely parallel) to the trends in the abundance of species in the vegetation. But despite the lack of a simple one-to-one correlation between pollen and plant frequencies, the pollen in the sediments is uniquely related to the frequencies of plants [1] , [5] . Some plants inhabiting specific environments tend to become genetically adapted to the environmental conditions such that they become more predominant than others [20] . They are generally the most conspicuous and may be indicator of a particular ecological zone and may also be used as standard in identifying similar communities elsewhere [3] . This study is aimed at identifying the phytoecological indicator species and to determine the present status of the vegetation of the catchment environment investigated. The results of this study are anticipated to provide useful information on the conservation and sustainable exploitation of these indicator species through appropriate biotechnological measures.
Material and methods
Forty locations were randomly selected within the four Local Government Areas of Akoko division, Ondo State, Nigeria as sampling sites. The sampling sites for the study were purposely selected to reflect as far as possible the Local Government Area of the study. In choosing the sites, consideration was also given to urbanization, accessibility, and safety of the sampling (experimental materials) instruments among others [21] .
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At each site, a pollen trap (Modified Tauber Sampler) was mounted according to the methods of Tauber [22, 23] , Pardoe et al. [24] and Giesecke et al. [25] . Prior to this, a mixture of glycerol (65 ml), formalin (30 ml) and phenol (5 ml) was poured into each of the trap. The positions of the traps at various locations were recorded using a Global Position System (GPS). The solutions in the trap prevented the palynomorphs from drying up, kill insects and also prevented the decay of dead organisms. The trap was left to stand throughout the duration of the study period. Fortnightly of each month, solution collection was done. The traps were washed with water to remove any contaminants and were then recharged with the above mentioned chemical solutions. This procedure was repeated bi-monthly from October 2016 to December 2017 (dry season and rainy seasons' samples) for one year. The palynomorphs were recovered through centrifugation at 2000 r.p.m (revolution per minute) for 5 minutes and supernatant decanted each time. The precipitates were washed twice with distilled water and recovered through centrifugation. The sediments were treated with glacial acetic acid to remove water before acetolysis [26, 27] . The recovered precipitates were washed with glacial acetic acid, and finally washed twice with distilled water, centrifuged each time and decanted. The recovered palynomorphs were stored in a plastic vials in glycerin and ethanol solution (2:1).
The palynomorphs were analysed palynologically and microscopically with Olympus microscope at x400 magnification for counting and Leica microscope at x1000 magnification for detailed morphological studies. Palynomorphs identification, counting and classification were done with the help of reference descriptions and photomicrographs from Agwu and Akanbi [27] , Bonnefille and Riollet [28] , Sowunmi [29] and Shubharani et al. [30] . In addition, prepared slides of pollen samples in the Palynological Research Unit; Department of Plant Science and Biotechnology, Adekunle Ajasin University, Akungba-Akoko, Nigeria were used.
Results and discussion
A total of 182 pollen types were identified across the study locations. These pollen types belong to 74 angiospermic plant families ( Table 1 ). Out of these 74 plant families encountered, 66 families belong to the dicotyledonous plants, 6 to monocotyledonous plants, and 1 was unidentified (Indeterminata). Photomicrographs of pollen grains of some selected indicator species are shown in Figure 1 .
Generally, the pollen types identified in this study reflected to a large extent the phytoecological vegetation of the study area. Some of the pollen types identified reflected plant species of different ecological indicators based on the classification of White [31] and Agwu [8] . Absolute pollen counts for the phytoecological indicator species across the study period is presented in Table 1 . Statistical analysis using Duncan Multiple Range Test showed that there was significant differences (P<0.05) in the Mean pollen grains abundance classified based on phytoecological indicator species. Indicators of the Savanna taxa were the highest pollen contributors (55.74%) followed by Open forest taxa (22.72%), Human impact taxa (14.32%) and Lowland rainforest taxa (7.21%) respectively ( Table 2 ). The various phytoecological indicators species identified confirmed their origin as coming from the Forest-Savanna ecological zone that is anthropogenically disturbed.
Lowland rainforest taxa
Absolute pollen counts for the phytoecological indicator species across the study period showed that a total of 3,651 pollen grains were counted for Lowland Rainforest taxa with a percentage composition of 7.21% ( Table 1) . Analysis of variance showed that the Mean pollen grains abundance recorded for these taxa is 0.39±0.02 a ( 
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Acacia senegal
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Open forest taxa
These taxa contributed 11,503 pollen grains with percentage abundance of 22.72% in terms of absolute pollen count classified based on the phytoecological indicator species (Table 1) . Statistical analysis using Duncan Multiple Range Test showed that the Mean pollen grains abundance of 1.29±0.08 b was documented for this group ( 
Savanna taxa
In terms of absolute pollen counts for the phytoecological indicator species across the study period, some Savanna indicator species were also identified in the samples and results showed that these taxa were the largest pollen contributor. A total of 28,218 pollen grains were counted for these taxa with a percentage composition of 55.74% (Table 1 ). Duncan Multiple Range Test showed that the Mean pollen grains abundance of 2.39±0.16 c was documented for this group ( 
Human impact taxa
The results of this study showed that numerous bioparticles indicative of human impact taxa were documented. Absolute counts of 7,250 pollen grains with percentage composition of 14.32% were documented for these taxa (Table 1 ). Statistical analysis using Duncan Multiple Range Test showed that the Mean pollen grains abundance of 0.54±0.05 a was documented for this group ( For most of these indicator species, their pollen grains were recorded sporadically where they appeared in some of the study locations, while the pollen of such plants as Azadirachta indica, Casuarina equisetifolia, Hyptis suaveolens, and the members of the families Asteraceae and Amaranthaceae/ Chenopodiaceae were recorded in more than 10 locations.
Moreso, the pollen of some taxa such as Aspilia africana, Nauclea latifolia, Sida acuta and the Family Poaceae were documented in all the study locations. Also, other indicators of human impact/ activities included charred plant particles and diatom frustules.
Plant form
With respect to plant forms (habits), six groups of plants: trees, shrubs, herbs, lianas, sedges, and herbaceous climbers contributed greatly to the total pollen rain. About 44.19% of the plant sources identified are trees; the shrubs constitute about 25.96%, herbs 21.54%, herbaceous climbers 6.61%, lianas 1.10% and sedges 0.55%. The quantity of pollen contributed by each of these groups varied considerably. Herbs contributed the highest percentage of pollen concentration (51.47%) in the pollen record followed by trees (33.18%), shrubs (14.03%), sedges (0.63), herbaceous climbers (0.52%) and lianas (0.06%). The percentage contributions are in terms of the pollen contributed by the constituent species of each plant group. The Mean quantity of pollen grains classified based on Plant Form is shown in Tables 3 and 4 respectively.
Relationship between airborne pollen grains assemblage and vegetation
The airborne pollen assemblage trapped in this study generally reflects the regional vegetation of the catchment area which depicts tropical rainforest type (Tables 1). [8, 27, 32, 33, 34, 35] , [36, 37] , [3, 38, 39, 40, 7] , [41, 42] . The site to site variation in number of pollen types portrays not only the existence of subtype vegetations but also the floristic heterogeneity of the vegetation of the study area.
Of importance also is the presence of pollen types that are indicators of human impact such as those of horticulture (for example, in schools, health centres, streets, etc.), erosion control, etc. reflected evidence of agriculture and other anthropogenic activities. The impact of human on the vegetation has also resulted in the disappearance of some flora. Disappearance of some species is brought about by a combination of factors, including annual bush burning, excessive lumbering and firewood gathering, shifting cultivation and excessive grazing by livestock among others. As a result of these factors, the vegetation of the studied area has become impoverished with several economic species at the verge of extinction.
However, the result of the study was limited in terms of pollen-vegetation representation relationship. The first major reason is concerned with the differences in pollen production and dispersal among tropical plants in our study area [43, 44] . The entomophilous taxa are known to produce low quantities of pollen grains with poor dispersal quality and the anemophilous taxa are copious pollen producers with good aerodynamic qualities. This advantage makes the anemophilous plants to be well represented or even to be over-represented in pollen assemblage compared to the entomophilous taxa. A second possible explanation is the difficulty of identification of all pollen grains to the generic or specific level. For instance, some pollen types are identified only to family level such as Amaranthaceae/ Chenopodiaceae, Cyperaceae and Poaceae.
However, despite these limitations, the identified pollen grains so far still confirm the great floristic diversity and heterogeneity of the vegetation subtypes of the study area and the floristic heterogeneity in the study locations. Similar findings have been reported in South Congo [45] , Nigeria [3, 4, 33, and 34] and Southern Cameroon [44] .
Conclusion
The pollen types identified in this study reflect to a large extent the phytoecological vegetation of the studied environment. The presence of pollen types from exotic plants as part of the content of the atmospheric pollen content indicates clearly the impact of man on the environment. Pollen assemblages reflected tropical rainforest vegetation type despite high level of anthropogenic activities on the local vegetation. Most of these indicator species are at the verge of extinction through series of anthropogenic activities. Such flora could be properly conserved and their exploitation adequately managed through appropriate biotechnological interventions.
